In this study, we structured the disaster risk communication method that assists disaster prevention activities in the local community and applied the method to the earthquake disaster prevention activities in the elementary school district to verify its effectiveness in improving the capability of the local community to respond to disasters. As a result, with the disaster risk communication among a variety of concerned parties in the community, we confirmed that the viable disaster prevention system that utilizes diversified social resources accumulated in the local community was restructured.
INTRODUCTION
The risk of natural disasters varies according to the native structure of the area, such as soil and terrain and the social structure, such as the streetscape, demographics, and maturity of the local community. The risk has been increasing because of changes in the social structure, such as a declining birth rate, rapidly aging population, and weakening local communities. Therefore, in order to enhance the capability of the local community to respond to the risk of natural disasters, it is essential to carry out disaster prevention activities 1) 2) that enable the so-called disaster risk communication (hereafter, the "disaster RC").
The disaster RC allows us to understand the potential disaster risk in an area (recognition of risk) and identify the situation and issues that the local community may face in times of disaster (assessment of risk) from the perspective of a variety of local concerned parties whose cooperation and coordination in disaster response would be required. Additionally, it is important to determine the level of acceptable disaster risk (avoid, reduce, or suppress) during the response (acceptance of risk), and to implement effective measures against these risks (measures against risk).
After the Great Hanshin Awaji Earthquake, the limitation of disaster control measures that were hardware-oriented and dependent on public assistance provided by local governments was identified, and it was widely recognized that raising awareness of the importance of self-help and mutual assistance in the local community was essential 3) . Further, as can be seen from the evacuation conducted at the time of the Great East Japan Earthquake, in addition to physical measures, educational measures, such as enhancing awareness of evacuation procedures, based on self-help or mutual assistance, have been recognized to be important disaster control measures, although such large disasters seldom occur.
Traditionally, a "volunteer fire corps," which is composed of local residents, has been organized across the country as a provider of public assistance and has taken part in fire-fighting service and disaster prevention activities in the spirit of protecting their own communities. However, the aspect of public assistance, i.e., a part-time special service of a fire-fighting and disaster prevention organization that is affiliated with the local government, is emphasized, but it has become difficult to secure members as the sense of solidarity in local communities has faded. In other words, it can be said that in order to respond to prolonged and expansive disasters appropriately in order to reduce damage, it is necessary to re-acknowledge disaster prevention organizations that include the participation of diversified local communities in regional disaster prevention. These may include a voluntary organization for disaster prevention comprised of local residents, and a fire defense organization for the self-protection of business institutions. These organizations would supplement full-time fire protection services of local governments and volunteer fire corps as bearers of self-help and would increase the capability of each resident to respond to disaster and to provide mutual assistance.
As a result, voluntary disaster prevention organizations have been established in community associations or neighborhood associations across the country. In 1995, when the Great Hanshin Awaji Earthquake occurred, there were 70,639 organizations with an activity coverage rate of 43.8%. In 2014, as many as 146,396 organizations were established and the activity coverage rate improved to 80.0%. There are great expectations of voluntary disaster prevention activities during ordinary times 4) . In the disaster prevention activities that are mainly conducted by these organizations, proactive plans for disaster control measures and participation in activities are required. This ensures that the local community can respond voluntarily at times of disaster and implement disaster control measures based on their effectiveness in the initial period of disaster occurrence, such as initial fire extinction, emergency life-saving measures (including the use of AED), safety confirmation, and evacuation support for people in need of assistance 5) . However, aging members of the voluntary disaster prevention organizations and activity entities, due to an aging population, and extremely low participation in activities have been pointed out as serious social issues 6) . As for their activities, only generally and uniformly formulated group activities are often conducted, such as observation tours of disaster prevention facilities, workshops taught by disaster prevention experts, fire extinguishing drills, and drills to gather at evacuation places. In some areas, the disaster prevention activities with the disaster RC in consideration of the disaster risk specific to the area, are implemented based on information such as hazard maps and damage estimates provided by administrative bodies. However, such information is not accurate enough to help local community units to formulate a concrete image of the disaster risk specific to the area, so it is difficult to determine if the disaster RC, which leads to the accurate identification and understanding of disaster risks faced by an individual area, has been implemented.
In particular, for disaster response that continues for a medium to long period after a large-scale disaster, most areas, with the exception of limited small areas that maintain strong solidarity at all times, only organize voluntary disaster prevention organizations that are centered around community or neighborhood associations and only implement disaster prevention activities led by this limited group, even though broad cooperation of the diversified local community is required. Therefore, to appropriately respond to disasters in consideration of the diversity of the local community, a variety of concerned local parties need to assess the disaster risk through the disaster RC. They need to develop disaster prevention activities that allows them to discuss the situations and responses that they may face in the event of a disaster. This discussion should be based on the disaster risk information specific to the area that is comprised of information from disaster prevention experts, including administration (expert knowledge), information about the local community (local knowledge), and information on the lessons leant from past disaster experiences (experience knowledge).
This study targets Tsukuba City, Ibaraki Prefecture and focuses on an inland epicentral earthquake that is predicted in the target area, and aims to structure the disaster RC method that supports the disaster prevention activities in the local community, and to confirm the effect of the improvement of the local community's capability to respond to the disaster. We aim to verify its effectiveness through the application of this method to the earthquake disaster prevention activities by the local community in the elementary school district.
First, in Section 2, we review the disaster prevention activities in the local community and the methods that support these activities in order to point out any issues and to remark on the necessity of the disaster RC to help solve these issues. Next, in Section 3, we try to structure the disaster RC method by combining "preparation of the e-disaster prevention map" and "preparation of the disaster response scenario," which are methods created by the authors as a part of the disaster prevention activities. In Section 4, we describe the detailed process of the application of this method to the earthquake disaster prevention efforts of the local community in the Tsukuba elementary school district in Tsukuba City, Ibaraki Prefecture. Finally, in Section 5, we reveal the effect that the application of this method had on the improvement of the capability of the local community to respond to disaster, and verify the effectiveness of this method in inland epicentral earthquake disaster prevention activities.
PRESENT SITUATION AND ISSUES OF DISASTER PREVENTION ACTIVITIES
A number of methods to support disaster prevention activities in local communities have been studied and developed. For example, participation in disaster prevention workshops using maps; the DIG (Disaster Imagination Game) 7) , which is a method of disaster prevention training using maps to clarify the strength and weakness of a district against disasters by drawing out more specific images of damage in the district at times of disaster; and the preparation of disaster prevention maps 8) , where local residents walk around to identify potential hazards and resources in their district at times of disaster and prepare a map accordingly.
These methods, once developed, have spread to cities, towns, and villages across the country in various forms, such as guidance and manuals. Other examples include the disaster situation image training tool 9) , that evokes an image of crisis response during a disaster and creates a time series table; the disaster prevention game, that focuses on judgment immediately after disasters and confirms it by means of the game 10) ; and attempts that use story simulation to organize disaster events into a story along a timeline to improve understanding 11)12) . In particular, after we experienced the Great East Japan Earthquake, manuals for the preparation of a tsunami evacuation plan were created and disclosed for certain areas 13) , as a specific action item for disaster prevention in the local community. It is recommended that the local community lead these activities to understand the disaster risk in the area and discuss the evacuation action plan, behavior before starting an evacuation, what to take with you, and how to obtain information.
However, as we mentioned in Section 1, although the disaster risk has become more complex in recent years as local communities and lifestyles have diversified, disaster prevention activities are still limited to generally and uniformly formulated group activities. It is difficult to believe that the information that is accurate enough to allow local communities to form a concrete image of the disaster risk specific to the diversified area is being utilized. In consideration of such a situation, we cannot employ only the methods and tools of the limited participants in voluntary disaster prevention organizations, but require a mechanism that can trigger information sharing and cooperation among various stakeholders of the disaster risk through disaster prevention activities so that we can flexibly respond to changes in disaster risk and perform disaster prevention activities accordingly.
In order ensure the effectiveness of disaster prevention activities at times of actual disaster, and to lead to the improved capability of the local community to respond to disaster, it is necessary to develop disaster prevention activities that enable the integration of specific information about the disaster risk in the area, as provided by various local concerned parties through the disaster RC, into the process of the implementation of disaster prevention activities. This will enable us, during ordinary times, to sufficiently understand the characteristics and properties of the potential disaster risk in the area, and to discuss the situation and responses that the local community may face in times of disaster among various concerned local parties via the disaster RC. In addition to understanding the disaster risk, it will assist a variety of diverse stakeholders from the local community to increase social sharing of the disaster risks specific to the area through the disaster RC. This will lead to the building of a network 14) that can use all the social resources (physical and personal) accumulated in the local community, as well as the existing disaster prevention systems and resources, and introduce a reorganization of the disaster prevention system against diversified disaster risk with the mutual collaboration and cooperation of local concerned parties. In order to achieve this, it is necessary to structure the disaster RC method in such a way that the necessary steps and the information needed for the implementation of the respective steps are combined.
STRUCTURING OF DISASTER RISK COMMUNICATION METHOD
The conventional method to support disaster prevention activities, introduced in Section 2, depends on information sharing only among participants of disaster prevention activities. Therefore, it can be said that it is implemented without obtaining an expert opinion regarding disaster risks. The output is prepared as a paper medium in limited quantities, so it is unlikely that it is verified by a variety of concerned parties or widely used for review. For these reasons, the authors established the methods of "preparation of the e-disaster prevention map" and "preparation of a scenario for disaster response" as methods to trigger information sharing and cooperation of disaster risk among a variety of concerned parties through the disaster prevention activities of the local community.
While developing a campaign to promote the preparation and utilization of these methods nationwide 15) , we developed and released e-community platform 16) (hereafter, "e-com"), a tool that supports the utilization of these methods. "Preparation of the e-disaster prevention map" 17)18) 19) displays concrete local information alongside issues specific to the area in times of disaster on a digital map (e-com map). This includes dangerous sites for relevant issues and sites that require support; people who need support; people, organizations, articles, and places that can provide support; and Table 1 Structuring of the disaster risk communication method
Step Action item Necessary information 1.Estimation of da mages (recognition of risk)
(1) Understand the disaste r risk in the region (2) Estimate the damage at the time of disaster -Type and characteristics of the natural disaster -Materials about the regional disaster prevention (hazard map, disas ter prevention plan) -Timeline from occurrence of disaster to settling -Matters concerned at the time of the disaster from the perspective o f characteristics of the region -Examples of "issues" that occurs at times of disaster -Changes in situation by season, day of the week, and period of time 2.Consideration of measures (assessm ent of risk) describes the issues related to disaster prevention in the area and ideas for improving such issues (including resources to be used, cooperators, and behavior) in the form of a story (scenario) along a timeline.
Both of these methods are disaster prevention activity methods where the local community estimates the situation that they may experience and potential damages they may suffer in the event of a disaster. This is based on hazard maps, data on predicted damage and social statistics data (expert knowledge) prepared and released by administrative bodies, research institutes, and universities in charge of, and related to disaster prevention, while considering the natural and social structure specific to the local area (local knowledge). This method also incorporates matters to be concerned with in the event of future disasters and issues specific to the area based on past disaster experiences (experience knowledge), and discusses concrete measures to solve such issues. Particularly, in the stage where disaster control measures are discussed, these methods aim to reorganize the regional disaster prevention system by utilizing social resources. These include human resources, facilities, materials, and equipment that are useful in the event of a disaster response, as well as resident organizations and private businesses who regularly work in the area, in addition to the use of existing local disaster prevention organizations and resources against the issues specific to the area.
In the course of preparation, both methods trigger the participation of a variety of concerned local parties and the disaster RC among concerned parties based on the disaster risk information of the area. Specifically, as the output of these methods, the former can be printed freely along with the information layer and scale, according to its proposed use on e-com, and delivered to all households, necessary concerned parties, or posted at the evacuation place specified by the government or community centers. The latter is made into a "disaster prevention radio drama" 22) and can be publicly broadcast on local community FM stations, school broadcasts, or the internet. Therefore, the information related to the concrete issues and measures that are included in the output of these methods can be used as material for further disaster RC with the local residents and concerned parties, and further review of the measures is enabled through the exchange and voicing of opinions.
Furthermore, by disclosing the output of these methods in a variety of forms to share the information about disaster control measures, they can be used as material to trigger the disaster RC with local concerned parties who are uninvolved and prepare them, thereby raising awareness that every resident plays a major role in regional disaster prevention. This enables the discussion of concrete and practical measures specific to the area as new disaster prevention activities based on regional cooperation.
By utilizing the methods established by the authors, and based on "ISO 31000, the international standards on Risk Management," we divide disaster prevention activities into three steps: "Step 1 Estimation of damages" as "recognition of risk," "Step 2 Consideration of measures" as "assessment of risk," and "Step 3 Implementation and verification" as the "measures against risk" as shown in Table 1 . We also attempted to structure the disaster RC method by combining the concrete action items for each step with the information necessary for implementation. The outline of the respective steps are described below, and the cases of implementation along with these steps are detailed in Section 4. (1) Step 1 Estimation of damages (Table 2) for disaster, including the scope of the area to cover and the time of occurrence, and estimating the predicted damage level in the event of a disaster ( Table 3) in consideration of the concrete circumstances in the region and based on the natural and social structures in the area. (2) Consideration of measures 3. Preparing the disaster response scenario by setting up the concrete issues of the region in accordance with the damage level that may occur in the area in the event of disasters, and putting together the roles, resources (disaster prevention and social resources), responses, and behavior necessary for the local community to respond in chronological order. 4. Based on the prepared disaster response scenario, considering dangers in disaster response, useful resources, and response routes through the simulation of drawings and a walk around in town for disaster prevention, and recording the results onto the map to prepare the disaster prevention map. (3) Implementation and verification 5. Sharing and verifying the issues and measures in the area at times of disaster that are included in the prepared disaster prevention map and disaster response scenario through the exchange of opinions with the concerned locals and the disaster drill participated in local residents. 6. Reflecting on new issues in the areas and ideas for measures that resulted from the sharing and verification of the measures, and reviewing the measures based on their feasibility (continuation of the disaster prevention activities).
APPLICATION OF THE DISASTER RC METHOD
Every year since 2008, Tsukuba City has conducted the "Tsukuba Regional Disaster Drill" held by the Council of Social Welfare in Tsukuba City, targeting one elementary school district in the city. Among the activities, the authors attempted to apply the structured disaster RC methods described in Section 3 to the earthquake disaster prevention activity that was implemented in the Tsukuba Elementary School district in 2009. As shown in Figure 1 and Table 4 , the school district consists of four community associations located at the bottom of Mt. Tsukuba. Every community association has a high percentage of elderly people, approximately 30 percent, and has conducted community and disaster prevention activities led by the community that is centered on the community association organization without establishing a voluntary disaster prevention organization. In this activity, as shown in Table 5 , we decided to implement the disaster drill and verify the measures after discussing the disaster control measures in several meetings about the steps of the disaster RC method. More specifically, we coordinated with the Council of Social Welfare in Tsukuba City, the host, in advance, and planned the annual schedule based on the steps of the disaster RC and action items listed in Table 1 , while preparing and providing the materials that contain the information necessary for progress in the respective steps and worksheets for summarizing the discussion that took place in each meeting. In the meeting along the respective steps, hosted by the Council of Social Welfare, groups (of about 20 members) were formed for each of the four districts in the Tsukuba Elementary School district, and they had to fill in the worksheet while having group discussion based on the information provided along the flow of our disaster RC method.
To ensure the participation of a variety of communities in the area, the disaster RC was conducted by and participated in by various parties, including municipal officers in charge of disaster prevention, the firefighting head office of the city, the Council of Social Welfare, school officials, the PTA, welfare commissioners, the volunteer fire corps, clubs for the elderly, and the volunteer center, as well as the local residents and administrators of the community association.
Estimation of damages (Step 1)
We provided the information that assists in understanding the disaster risk that the region faces in the form of a prevention plan, data on estimated damage, and hazard maps as shown in Table 1 . Assuming that it will be hit by two earthquakes, including an "earthquake in the southern Ibaraki Prefecture (M 7.3)" and an "epicentral earthquake that can occur anywhere (M 6.9)," Tsukuba City has prepared two earthquake disaster prevention maps. The "seismic intensity map" shows the level of ground motion in the event of an earthquake by means of the seismic intensity scale, and the "regional hazard map" shows the percentage of total collapse of buildings due to ground motion.
These two maps have been made available to the public 23) . The regional disaster prevention plan designates the elementary and junior high schools and public facilities in the city as the specified evacuation shelters 1 (135 sites) including a backup, and requests the voluntary disaster prevention 1 Tsukuba City specifies the designated evacuation shelters as the facilities where evacuated residents have to stay until the risk of disaster is eliminated. Step . After the participants confirm that they understand the area's disaster risk and the existing disaster prevention system based on the information, situations in which the disaster risk may be further increased are specified as preconditions. These include "winter," when the cold may be of concern, or if the earthquake occurs during "daytime" on a "weekday" when many elderly people are alone. The damage is then estimated based on the actual situation in the area.
In the estimation of damage, based on the earthquake disaster prevention map of Tsukuba City, the result of the damage estimation for the entire city in the regional disaster prevention plan, and by utilizing the social statistical data ( Table 4 ) that shows the actual situation in the area, the percentage of total collapsed buildings and the loss of human life in the school district was obtained, as listed in Table 6 . It was confirmed in the statistical data that the percentage of elderly people in the school district is close to 30 percent, and after comparing the information related to the "time flow from the occurrence of the disaster to settling" and "concerns at the time of the disaster from the perspective of the characteristics of the region" based on the specified preconditions, we discussed and agreed that the issue of the safety confirmation and evacuation of elderly people who remain in the area during daytime on weekdays was essential. In a meeting with the respective community associations in the school district, we confirmed the issue that a voluntary disaster prevention organization was not established, and in addition to safety confirmation and information gathering in the early stages of a disaster, opening evacuation shelters and organizational systems of operation, resources needed for life in the shelters, and the roles of residents had not been specifically established. In particular, in three designated evacuation shelters in Tsukuba City, although more than one community association has to share the damage information and live together in the shelter, it was revealed that the communities that had been formed were limited to the respective associations, and there was little awareness about cooperation and collaboration among multiple community associations during the time that would be spent in the shelters. It was estimated that such a situation would further increase the damage in times of disaster.
Consideration of measures (Step 2)
Based on the result of damage estimation, as listed in Table 7 , we selected four subjects that are considered to be major problems in the area, and discussed several issues along the timeline after the occurrence of an earthquake, in order to obtain a clear image of the disaster risk.
For each subject, as shown in Figure 2 (top), we discussed the actual situation in the region, needs of the residents, cooperators and roles necessary for response, available resources, and response methods from the perspective of a variety of interested parties. We made use of role-playing in order to understand the roles of the concerned parties and the cooperative relations between them that are necessary for solving issues 25) , while brainstorming new measures to prepare the scenarios.
In preparation of the scenario, concerned parties in the region at the time of disaster, including the head of the <Making Disaster response scenario> <Making Disaster prevention map> -Treatment for people in need of continued nursing care or medication -Collaboration with external medical/ welfare institutes association, disaster victims, the elderly, teachers, administrative officers, and tourists, are determined based on the result of damage estimation listed in Table 6 . The participating local residents play the respective roles, speaking freely about what they can and cannot do in the given situation, and then recording it on the worksheet. For the respective issues that were revealed through the preparation of the disaster response scenario, based on the hazard level during the earthquake disaster as estimated by the government, dangerous places and articles to be noted during safety confirmation and evacuation guidance in the early stages of a disaster were noted on the map. The map also feature disaster prevention and social resources that are available for the operation of evacuation shelters, managed by residents, and for general life at the shelters, signposts for the acceptance of external support groups, and evacuation routes and the delivery of goods. In order to achieve this, groups assigned to respective area within the school district walked around the area (disaster prevention walk around town), confirmed and discovered the site, and inserted the gathered information on the map of the school district to prepare the disaster prevention map specific to the district (Bottom of Figure 2 ). The prepared disaster prevention scenario and the disaster prevention map are shown in Table 8 and Figure 3 , respectively.
Implementation and verification (Step 3)
Based on the matters considered in the process of preparing the disaster response scenario and disaster Figure  4 . In accordance with the plans that were prepared based on the estimated damages and consideration of the measures, and under the assumption that "the earthquake disaster has occurred in the morning of a weekday in the winter," which is supposed to cause the biggest disaster risk, the disaster drill was conducted with a number of local residents and the measures were verified.
During the disaster prevention drill, the evacuation drill that would occur in an early stage of a disaster, was conducted first. This included the collection of reports on the damage situation, the safety confirmation of local residents including those in need of assistance, and evacuation guidance for those who have been injured. The damage situation that was specified in advance was given to the respective community associations. They evacuated to children's or community centers temporarily, and after grasping the damage situation in the respective community associations, they evacuated to the designated evacuation shelter.
Next, in the evacuation shelter, we gather about 200 local residents who had not participated in disaster prevention activities, and conducted a tabletop roleplaying exercise by utilizing the disaster response scenario and shared the information in the district on the considered disaster response. Next, the local residents themselves established the organization that would operate the evacuation shelter and conducted an exercise in which they experienced the chain of command in the operation of the evacuation shelter, and shared the roles of each team, including the acceptance of evacuees, the assessment of the damage situation in the entire school district, safety confirmation and evacuation guidance for people in need of assistance, and warm meal service. The picture of the drill is shown in Figure 5 .
EFFECTS FROM APPLICATION IN TSUKUBA CITY

Reorganization of the cooperative system by utilizing social resources
As a result of the application of the structured disaster RC method by the authors in the above earthquake disaster prevention activities, the existing disaster prevention system was reviewed in consideration of the disaster risk specific to the area and reorganized by utilizing social resources. During the estimation of damage, it was pointed out that one of the issues in the district at times of disaster, was that the evacuation shelter that is specified in the regional disaster prevention plan of Tsukuba City is highly risky. Many elderly people who remain in the district during daytime on weekdays, found it difficult to travel long distances to the designated evacuation shelter. < Plans for evacuation > < Operation plan of the evacuation shelters > Fig. 4 Plans for evacuation and operation of the evacuation shelters For many, this may be more than 2 km away from their community, and there were many dangers as a result of the topographical features that are surrounded by rivers and mountains, including liquefaction, the collapse of slopes on the evacuation routes, and the steep slope on the travelling route. In order to address these issues, as shown in Figure 6 , a measure was introduced to use the children's halls located in the respective communities as voluntary evacuation shelters. This is in addition to two designated evacuation shelters in the school district, Tsukuba Elementary School and Matsumi High School. These shelters are designated for temporary evacuation while safety confirmation and information sharing is taking place within the community association. It was assessed that evacuation to public or private facilities that were not designated as evacuation shelters was closer and safer. This was particularly true of the Working Women's House, the public facility that is located at the entrance of the school district for the Numata community association, and the hot spring inns and hotels located on Mt. Tsukuba for the Tsukuba community association. With the cooperation of the facility administrator of the Mt. Tsukuba Hotel Association, the measures were implemented so that the facilities are now used as the voluntary evacuation shelters.
In situations where it is extremely difficult for residents in more than one community association to evacuate to only two designated evacuation shelters when damage to homes or the community is significant, measures were taken to dispatch the information liaison and evacuation shelter operation teams from the respective community associations to the public evacuation shelters to establish the evacuation shelter operation organization. They would also set up the headquarters for the residents of the entire school district in cooperation with other community associations and would establish a system to share information and goods.
Although the regional disaster prevention plan specifies one backup evacuation shelter for people in need of assistance at times of disaster, no concrete image of usage was assumed. Therefore, the actual situation of people in need of assistance, including the elderly and persons with disabilities who need continuous care, and the facilities that were equipped with the care facilities to support such people were confirmed. In collaboration and cooperation with welfare and nursing facilities both inside and outside the area, a system was established to open these facilities as the secondary welfare evacuation 2 shelter to accept people in need of assistance.
It should be considered that these results were affected by the fact that the Council of Social Welfare that is engaged in local welfare services sufficiently provided the information on welfare evacuation in view of the following concerns of local residents: (1) the percentage of elderly people in the school district is high as shown in the local social structure in Table 4 ; (2) the support for elderly people who stay home alone during the day is not sufficient as shown in the damage estimation in Table 6 ; and (3) the number of people in need of assistance who think they do not (cannot) evacuate during daytime is large as shown in the timeline in Table 7 .
As described above, local issues in the event of an earthquake disaster were revealed. In order to solve these issues, the disaster prevention system was reorganized to utilize social resources, such as the establishment of the gradual and dispersive evacuation system, that includes the sharing of information and goods in the school district, and the establishment of an evacuation system in 2 Tsukuba City designates the welfare evacuation shelters as the evacuation shelters for people who need special care in living in evacuation shelters, such as the elderly and the handicapped. cooperation with public and private facilities inside and outside the district in times of disaster. These issues have not been considered in the existing regional disaster prevention plan, nor extracted in the conventional disaster prevention drills, so it is considered to be the effect of the activities that were implemented through the application of this method.
Sharing of disaster control measures in the region
The disaster prevention map and response scenario that were prepared during the above activities, were also used to share the disaster control measures in the region after they were used for the consideration of the disaster control measures in the disaster prevention drill for the implementation and verification that was described in Section 4.3. The disaster prevention map was used in the disaster prevention drill during this activity to highlight safe evacuation routes that avoid dangerous spots from the voluntary evacuation shelter to the designated evacuation shelter, and to provide confirmation of the human and social resources, including materials and equipment, that can be used for evacuation guidance or life in evacuation shelters. Based on the information on the dangers, it was also used as a map for dispatching external volunteers who are not familiar with the area.
These volunteers would provide lifesaving support and safety confirmation of people in need of assistance according to the damage level. Furthermore, as the information contained in the disaster prevention map was registered and disclosed on e-com 26) , as shown in Figure 3 , the disaster prevention map can be viewed and printed out after the drill according to its proposed use and purpose, and utilized for the consideration of new measures. These may include the repair of dangerous sections, and to provide a disaster prevention map for children at elementary schools. In this way, it is not limited to one drill, and is used as the material for the continued activities and the disaster prevention RC among a variety of concerned local parties.
The disaster response scenario was produced as a "disaster prevention radio drama" with the cooperation of "FM84.2 Radio Tsukuba," the local community FM broadcasting station, and with local residents participating as voice actors. It was broadcast on the radio on Mondays to share disaster control measures with the local residents who <Evacuation system for the regional disaster prevention> <Reorganized evacuation system> Fig. 6 Review of the evacuation framework were not usually involved in the consideration of such measures. The produced disaster prevention radio drama is composed of four themes: "Episode 1: Collaboration with tourists and the community (the vicinity of Tsukuba-san Shrine);" "Episode 2: Safety confirmation and the collaboration of communities;" "Episode 3: Emergency response and evacuation guidance;" and "Episode 4: Operation of the evacuation shelter."
This occurs chronologically after an earthquake, and is based on the assumption that the epicentral earthquake has occurred in the morning of a weekday in winter, when the population of the district is the most dispersed. This is based on the disaster response scenario discussed in Section 4.2. The participants in the meeting, including the head of the community association, welfare commissioners, and officials of the Council of Social Welfare, appeared as voice actors during the recording.
To grasp the degree of understanding of the issues and measures in the event of a disaster through the disaster prevention radio drama, we copied the audio source of the disaster prevention radio drama to a CD-R and delivered it to all of the households to conduct the questionnaire survey shown in Table  9 . In the questionnaire, a five-grade evaluation was performed on the degree of understanding of this drama, by giving one point to "Not understood at all" and five points to "Fully understood." As a result of the survey, as shown in Figure 7 , more than 90 percent of the respondents answered that they "Understood" ("3 points" or over) for all of "damages and issues," "necessary responses," and "necessary cooperative relationships" that are considered in the community at times of an earthquake disaster. Among all 112 respondents who answered that they "Understood," 79 (71%) of them were local residents who answered that they did "Not participated in the workshop." Therefore, it can be shown that the disaster response scenario that was prepared in this activity contained concrete information on the actual situation of the district, and was helpful to understand the damages and issues in times of disaster, as well as the methods for response, and details of cooperation.
Evaluation about responses in the event of the Great East Japan Earthquake
In addition to the effects on the earthquake disaster prevention measure by the application of the disaster RC method, the impact on the disaster RC of the local residents were evaluated by questionnaires (first and second, twice in total). The outline of the conducted questionnaire is provided in Table 10 .
In the questionnaire, daily concerns and preparations for earthquake disasters, the degree of understanding of earthquake disasters, damages, issues, and countermeasures through the disaster RC, and the effectiveness of the measures considered through the disaster RC, and findings were evaluated by a five-grade evaluation or in the form of a free descriptive answer. A part of the answers are provided in Figures 8, 9 and 10 and considered below.
The questionnaires received a Fig. 7 Result of the survey Major contents -Daily concerns and preparation for earthquake disasters -Degree of understanding on the disaster RC Potential earthquake disaster in the area Potential damage in the area Required issues and measures -Effectiveness of the considered measures -Findings obtained through the disaster RC high evaluation, with more than 90 percent of respondents answering that the disaster RC that the residents performed based on the information provided in each step, as shown in Figure 8 , was generally "easy to understand" (3 points or over). Based on that, as we described in our aims in Section 1, it can be said that the disaster measures were considered after the local residents sufficiently understood the disaster risk of an earthquake disaster through the disaster RC method, as structured by the authors.
As for the effectiveness of the measures considered through the disaster RC, in the meeting with respective entities including individuals, families, and the entire school district, it received a high evaluation with more than 90 percent answering that it was "effective" (3 points or over) for any of the entities. In other words, it was not only limited to the measures centering on the community or neighborhood association, which tend to be considered in conventional disaster prevention activities, but were also useful for the entire school district. It is considered to have had a positive effect, as the disaster prevention effort centered on the school district, which was the purpose of the meeting.
As for the new findings identified through the disaster RC, about 80 percent answered that they had "many" new findings (3 points or over) on the items, including dangers in the area, resources that can be used at times of disaster, and signposts that are useful for disaster response. In addition to the fact that it was previously considered as a risk factor through the disaster RC, as the produced map and drama suggested, it can be said that it had a positive impact on the reorganization of the disaster prevention system through a variety of local resources and findings of the concerned parties in the area.
On March 2, 2012, the authors exchanged opinions with the administrators of the respective community associations in the Tsukuba Elementary School district on disaster responses to the Great East Japan Earthquake that occurred on March 11, 2011, and confirmed the following facts. The target area suffered from almost no significant damage to buildings and people, so the designated evacuation shelters were not established and operated for the school district. However, immediately following the earthquake, the residents in the respective community associations gathered at the children's halls that were specified as the voluntary evacuation shelters according to the disaster prevention radio drama.
Through this activity, the damage information, including the safety confirmation of the residents, was collected by the head of the community association and the team leaders, and it was utilized for information sharing among community associations and to report to the headquarters for disaster control of the city. During the two-day power failure and six-day water outage, the administrators of the community association confirmed the location of the runoff of Mt. Tsukuba in the disaster prevention map, and informed the local residents of the location of the water. They confirmed the locations of the temporary well and cooperating stores, used two power generators at the consumer electronics retailer for continuous use of the temporary electric well, as well as for the medical devices for people in need of assistance. The hot spring inns that they developed a cooperative relationship with during the disaster prevention activities, opened up the hot spring baths, allowing elderly people guided by welfare commissioners to take a bath for free, and the local residents and welfare commissioners worked together to supply water to people in need of assistance. Thus, the disaster response was performed through the cooperation of the entire school district. The result also indicates that the earthquake disaster prevention activity that was conducted through the application of this method had positive effects on disaster response, and provided consideration for and verification of the measures.
CONCLUSIONS
This study, targeting Tsukuba City, Ibaraki Prefecture and focusing on an inland epicentral earthquake that is predicted in the target area, put together the processes, action items, and information necessary for the local disaster prevention activities to structure them according to the disaster RC method. This was applied to the earthquake disaster prevention activities of the local community that were conducted in the elementary school district in Tsukuba City, Ibaraki Prefecture, and which served to verify its effectiveness.
As a result, the disaster risks specific to the area were made apparent by the disaster risk assessment through the disaster RC in a variety of local communities, and based on that, the viable disaster prevention system, which utilizes a variety of social resources that have been accumulated in the local community, was restructured. In other words, it contributed in overcoming the local issues at times of disaster that had not previously been considered in the regional disaster prevention plan that was established by the disaster prevention administration of Tsukuba City, reviewing the measures and reducing secondary disaster risks.
In addition, it was confirmed that the prepared disaster response scenario and disaster prevention map could be effectively shared and used in the consideration of the disaster control measures for the area and schools. It could also be used to raise awareness among residents of disaster prevention as well as for the disaster drill, and also positively impacted the response to the Great East Japan Earthquake. Accordingly, it was verified that the disaster RC method that was structured in this study was effective for the reorganization of the disaster prevention system, as well as for increasing awareness among residents of disaster prevention and regional cooperation at times of disaster, i.e., the capability to respond to the disaster.
To develop an approach using this method in other areas, the authors continuously applied this method to the earthquake disaster prevention activities in the Kamigo Elementary School and Sakura Elementary School district in Tsukuba City in FY 2010 and FY 2011. In these school districts, because of the characteristics of the area that is located on the border of the city, the method impacted the reorganization of the disaster prevention system, including the establishment of the system to use the evacuation shelter with the school district in the adjacent city. It is one of the concrete evacuation systems that was successfully established based on discussions between the head of the participating district and the principal of the school in the adjacent school district.
This was as a result of the consideration for the concrete evacuation system at the level of residents in the school district, and under the "Agreement on mutual support at times of disaster (April 1, 1994)" it was concluded among all cities, towns, and villages in the prefecture. Furthermore, it can be said that it demonstrated a positive effect on the evacuation measures with respect to the welfare of people who need support during an evacuation, including the establishment of the cooperative relationship with the private nursing home in the area.
Finally the disaster RC method that was structured in this study made the "Guidance for disaster prevention activities" (including worksheets) that describes the respective steps and necessary action items, and the "Collection of materials for disaster prevention activities," which is a collection of materials and information necessary for the implementation of each, available to the public 27) . In future, we have to suggest the scheme to communities in which this method can be applied to the system for the training of regional disaster prevention leaders and disaster prevention officers that the disaster prevention administration of municipal governments are promoting.
We also aim to upgrade our method to enable quantitative verification and ex-post evaluation of the application effect, considering that the method resulted in improved capabilities for disaster response in the area. When conducting disaster prevention activities with this method applied, it is desirable that the local community summarize the flow of activities, the issues discussed, the measures taken, and the results obtained as the "community disaster prevention plan" by utilizing the "System for Community Disaster Management Plan" 28) that was established along with an amendment of the "Basic Act on Disaster Control Measures" in June, 2013. This will enable the community to utilize it as an effective measure that can provide feedback in order to review the administrative disaster control plan.
